Abstract Parent communication of BRCA1/2 test results to minor-age children is an important, yet understudied, clinical issue that is commonly raised in the management of familial cancer risk. Genetic counseling professionals and others who work with parents undergoing this form of testing often confront questions about the risks/benefits and timing of such disclosures, as well as the psychosocial impact of disclosure and nondisclosure on children's health and development. This paper briefly reviews literature on the prevalence and outcome of parent-child communication surrounding maternal BRCA1/2 test results. It also describes a formative research process that was used to develop a decision support intervention for mothers participating in genetic counseling and testing for BRCA1/2 mutations to address this issue, and highlights the conceptual underpinnings that guided and informed the intervention's development. The intervention consists of a print-based decision aid to facilitate parent education and counseling regarding if, when, and potentially how to disclose hereditary cancer risk information to children. We conclude with a summary of the role of social, behavioral, and decision science research to support the efforts of providers of familial cancer care regarding this important decision, and to improve the outcomes of cancer genetic testing for tested parents and their nontested children.
Introduction
Genetic counseling and testing for susceptibility to breast and/or ovarian cancer vis-à-vis BRCA1 and BRCA2 (BRCA1/2) testing is now widely available to women and men with suggestive personal and family histories of these cancers. To date, over 250,000 individuals have undergone predictive testing for hereditary cancer risk, most frequently for BRCA1/2 mutations [1] . Mutations in these genes are associated with lifetime breast cancer risks of up to 75% and ovarian cancer risks up to 51% [2] . Given these risks, it is recommended that, by age 25, mutation carriers undergo heightened surveillance for breast cancer; in addition, options for chemoprevention and risk-reducing mastectomy should be considered [3] . Risk-reducing oophorectomy by age 35-40 is also recommended given the lack of effective screening for ovarian cancer [3] .
Because of the substantial medical implications associated with BRCA1/2 mutations, carriers are advised to inform adult relatives of their possible risk status. Consistent with autosomal dominant inheritance, this risk is 50% in first-degree relatives. Indeed, a major reason why some individuals seek testing is to learn whether hereditary risk may be passed on to others in the family, especially children [4] [5] [6] . However, the social and behavioral impact of the knowledge of a mother's BRCA1/2 test result on her atrisk children's psychosocial and developmental functioning has not been well studied. Among fathers who seek BRCA1/2 testing, even less is known about the effect of disclosure among minor-age children, although men who pursue such information may do so when their children are at or approaching adulthood [4] .
Past works indicate that among mothers who undergo BRCA1/2 testing, the rate of disclosure to children is about 50%, and may be associated with the age of the child (older vs. younger) and the presence of a more open parent-child communication style [7] [8] [9] . In mothers who have had early onset breast cancer, regardless of whether the family history was consistent with hereditary breast cancer, Miesfeldt and colleagues reported 81% were concerned about their children's breast cancer risk, and 71% felt childhood was the most appropriate time in life to begin providing education about hereditary cancer [10] . A majority of mothers believed that parents play an important role in providing such education and many also wanted professional guidance in doing so. That desire is understandable in light of work demonstrating that the decision to disclose results may be associated with elevated distress in mothers [8, 9] . However, in children, disclosure does not appear to be associated with negative outcomes [11, 12] , although daughters of mothers with breast cancer may be prone to significant worry about their health and genetic risk, and may be especially susceptible to distress during the genetic testing process itself [13, 14] . This literature is also small, and therefore may not fully capture the range and type of concern held by parents and their children. Not surprisingly, notification of their mother's positive BRCA1/2 status may result in heightened interest in genetic testing and proactive adoption of lifestyle changes [11] ; this is true despite the fact that testing of minors is uniformly discouraged by medical professionals owing to the lack of medical benefit and concerns about autonomous decision making and children's psychological well-being in this circumstance [15, 16] .
Given the aforementioned issues, there has been increasing attention to the phases of decision making and disclosure of BRCA1/2 test results between parents and children, including how parents navigate issues of if, when, and how to disclose to children, and how to appropriately handle their own and their children's responses to these discussions [17] . Although it is recommended that discussions about family communication be included in cancer genetic counseling sessions [18, 19] , physicians and genetic counselors may have little involvement in assisting parents with decisions regarding communication of test results to minor children specifically [7] . Lack of such discussion by health professionals may be due, in part, to parents not seeking advice-turning to family members instead [7] . Indeed, mothers (especially those with higher decisional conflict about whether or not to discuss their BRCA1/2 result with children) have indicated a strong desire to receive additional resources to assist in this process, including literature, access to prior testing participants who faced the same situation, support groups, and other forms of normative guidance [20] .
To fill this gap, we conducted formative research to further inform the development of a decision support intervention-specifically, a decision aid-to assist mothers undergoing BRCA1/2 testing with their choices about whether, when, and how to discuss their cancer genetic test results with their children, and to help them anticipate their and their children's needs and responses related to this decision. Our decision aid is designed to be shared with mothers after their initial genetic counseling session, but prior to when they receive their test results. The decision aid is currently being evaluated in a randomized controlled trial to determine whether communication and related outcomes among genetic testing participants are improved by providing a decision support intervention in addition to standard pre-and post-test genetic counseling.
The purpose of the current paper is to highlight the conceptual frameworks that informed the development of the intervention. In addition, we provide an overview of the formative research process used to develop its content and other specific aspects of the decision aid. Finally, we conclude with a discussion of directions for future research and evaluation efforts in this area.
Conceptual frameworks
Medical advances have expanded the range of options from which patients may choose to manage their health care, and this has added to the complexity of medical decision making. Simultaneously, the Internet has made a voluminous amount of health care information available to patients, though the quality of this information is highly variable. In addition, there has been a trend toward an ethos of shared decision making between patients and their health care providers, especially for complex decisions for which established recommendations are nonexistent, not standardized, or not evidence-based [21, 22] . Patient decision aids have helped to fill this void, and are rapidly becoming an increasingly popular method of facilitating communication and decision exchanges, particularly when there is a lack of consensus regarding how to proceed [21] .
Standardizing the development, content domains, and measures of effectiveness for decision aids is of high importance. Indeed, the international patient decision aids collaboration published a set of quality criteria for such tools that encompass three domains: (1) the development process (e.g., practitioner and patient input, field testing), (2) content (e.g., information, pros and cons of various options, review of potential outcomes, next steps, value clarification, balancing options, use of patient stories), and (3) establishment of effectiveness (e.g., it helps patients recognize the decision at hand, the available options and features, the values they embody that affect their decision and the decision aid facilitates consistency between patients' decisions and the features that are most important to them) [23] . These criteria formed a foundation for our work in developing a decision aid-based intervention.
In addition to these general domains, our work incorporated information from a review of non-intervention studies of parents making health-related decisions for children, including those about surgical treatment, immunization, and end of life issues [24] . Common themes in parents' decision making needs included their desire to have accurate, accessible, and understandable information well in advance of when they needed to make such a decision; the opportunity to learn about other parents' experiences in similar situations (i.e., normative referencing); and the desire to retain control over the decision making process. Parents also wanted health care providers to initiate discussions about the decision at hand and to acknowledge and discuss the emotional aspects of the decision (e.g., shared decision making, social support).
The development and content of the decision aid described in this paper adhere to many of these quality components and reflect many of the themes noted above [24] . Other frameworks that influenced our formative research include commonly utilized approaches in the health education and counseling field: the PRECEDE portion of the PRECEDE-PROCEED framework [25] and the Ottawa Decision Support Framework (ODSF) [26, 27] .
Briefly, PRECEDE refers to predisposing, reinforcing, and enabling causes in educational diagnosis and evaluation [25] . This health education framework was used herein to foster educational priorities and identify gaps between available and needed resources for mothers surrounding communication of BRCA1/2 test results to their children.
With respect to the format and content of the decision aid, we were guided primarily by key tenets of the ODSF [26, 27] . The ODSF addresses cognitive as well as affective and social components of decision making [28] . Decision aids based on the ODSF often provide information on the pros, cons, and likely outcomes of each decision option; help individuals to weigh these pros and cons according to their own values and preferences; tailor support to factors contributing to decisional conflict, thus clarifying expectations; and provide guidance in the steps of decision making [26, 28] . Decision aids have demonstrated improvements in knowledge, risk comprehension, psychological distress and satisfaction with decision making [21] .
With this background, our research then proceeded in two logically ordered and prescribed phases. In the first phase (Phase I), qualitative interviews were performed with mothers and daughters and feedback from experts was obtained to identify fundamental themes for the content of the intervention. In the second phase (Phase II), a draft version of the interventional decision aid was piloted using a pre-post design with a combination of quantitative and qualitative evaluation tools. The format of the final decision aid is organized around key components of the ODSF.
Methods
Phase I: development of the intervention The study was approved by the host institution's institutional review board. Informed consent (and assent as applicable) was obtained with all participants. A critical component in the development of decision support tools is to first assess patient-oriented needs related to information and decision making [25, 28] . The overarching goal was to obtain sufficient information that would be useful in developing educational materials for mothers. At the outset, we remained open to the possibility that one or more intervention formats might be appropriate to support parental decision making in this area.
Participants
During Phase I, a convenience sample of mothers was identified based on their prior participation in our genetic counseling and testing studies, and who had consented to be contacted for ancillary studies on this topic. Mothers were eligible to participate if they had a history of breast cancer (the majority) or were unaffected with breast or ovarian cancer but had a relative with a BRCA1/2 mutation. The final sample contained 17 mothers who received positive, uninformative, or true negative BRCA1/2 results. In addition, they had to be the biological mother of at least one daughter between 13 and 17 years old at the time mothers learned their BRCA1/2 results or who was still in that age range at the time mothers were contacted for study. Because mothers may be more likely to disclose cancer genetic test results to daughters versus sons [8] , and because of the more significant medical implications for females, we emphasized the latter in our formative research. However, issues related to disclosure to sons were also addressed and covered in the decision aid so that it would be applicable to children of both genders.
Disclosure of genetic test results to children was not required for participation, although the vast majority of mothers had disclosed to their children by the time of the interview. Following informed consent from mothers, two daughters of mothers with BRCA1/2 positive results who had previously disclosed this information to their children were also enrolled and completed brief qualitative BRCA1/2 decision support 91 interviews to further inform the intervention development process.
Interviews
Following a standardized method [29] , a list of topics to explore with participants was generated by the researchers, who have expertise in cancer genetics, genetic counseling and decision support, and child and family development.
The interview guide followed a diachronic reporting format and was organized according to general topic areas and specific probes. Questions focused on the process/rationale for communication decision making, communication process and content, children's (especially daughters') reactions to disclosure (if applicable), children's awareness of their mothers' cancer history and treatment (if applicable), prior (or desired) information and support resource utilization, and speculation about what information would be helpful for inclusion in an intervention. All interviews were audio recorded and were accompanied by detailed notes taken during the interviews. The interviewers (B.N.P., T.A.D.) are both highly experienced cancer genetic counselors with active research interests in psychosocial and behavioral aspects of BRCA1/2 testing.
Overview of findings
A formal inductive process was not used to analyze interview data; rather, our purpose was to identify key themes that could inform the development of the intervention. The themes identified by the mothers included the importance of assessing the readiness and developmental level of each child before deciding whether or not to share information, or proceeding to a discussion about issues related to cancer genetic testing. If the choice to share information about testing is made, mothers emphasized the importance of being reassuring about testing and why the information was pursued; presenting information in a positive light; acknowledging that the process of testing is empowering (e.g., so that steps could be taken to protect the mother's health); and being as open, honest, and as available as possible to children. Several mothers also raised the idea of genetic determinism and fatalism (e.g., that biological children, and daughters in particular, may believe that testing positive for a BRCA1/2 mutation is synonymous with actually developing breast cancer, or that dying from cancer is inevitable) and expressed that this concept should be broached in an intervention on this topic and dispelled as untrue. Finally, mothers were interested in specific information about lifestyle and behavioral factors (e.g., diet and nutrition, exercise and physical activity, oral contraceptive use, and cancer screening recommendations for daughters) related to breast cancer onset and severity, as well as a discussion about when it is appropriate to consider predictive genetic testing in children. The brief interview with two daughters revealed that they had vague recollections of their initial conversation about genetic testing with their mothers, with shifting concerns for their mothers' well-being and their own risk for cancer in the future.
Intervention outline development
Based on the interview data, a detailed annotated outline of the content for the intervention was developed by the study team. Sample text, ideas for ''tip boxes,'' and illustrative quotations were generated.
Advisory panel
The study retained the services of an outside group of experts to serve on an advisory panel to further guide and inform the development of the intervention. Panel members were leading experts in genetic counseling, medical oncology, child, adolescent and family medicine, psychology and behavioral science, medical decision making, and sociolinguistics. In addition, two patient advocates participated on the advisory panel.
Development of the decision aid
Based upon all of the data collected from the interviews as well as the advisory panel's recommendations, the study team expanded upon the educational content and incorporated formal elements of decision support tools (e.g., sample narratives about mothers undertaking the decision to talk or not talk to their children regarding BRCA1/2 test results). A complete draft of the decision aid was prepared that closely resembled the content of the final version that is currently being evaluated as part of an ongoing randomized controlled trial. This version was sent to advisory panel members for additional commentary and editing, and was used as part of our pilot test.
Phase II: pilot test
Mothers who participated in our initial interviews and who expressed an interest in further reviewing the intervention, as well as an additional set of mothers meeting identical eligibility criteria to those described above, were invited to participate in the pilot test phase of the study. This phase involved the completion of a baseline telephone interview prior to reviewing the decision aid, followed by an additional interview approximately 1 month later. In addition to collecting sociodemographic data, we used a combination of study-specific and standardized measures to assess parent-adolescent communication, family support, knowledge, and decision making. During the follow-up interview, we also administered a study-specific process evaluation tool and several open-ended items assessing the acceptability, understandability, relevance, and sensitivity of the decision aid adapted from prior work [30] . A subset of mothers (n = 4) was then chosen to complete a debriefing interview (with B.N.P.) to elicit additional feedback about their reactions to the decision aid. Additionally, they were asked about suggestions for editing, additional resources, responses to the quotations, and usefulness of the worksheets.
Twenty-three mothers completed both assessments; data were summarized quantitatively and examined for trends in change over time. The preliminary data suggested that knowledge was favorably impacted by the intervention, in that mothers tended to score higher after receipt of the decision aid than at baseline. Also, we observed a high rate of confidence and satisfaction in decision making related to family communication about BRCA1/2 testing, which suggested that the decision aid may affect these important domains when implemented prospectively. Subjective feedback from mothers who reviewed the decision aid informed us that although some had concerns about the length of the resource and that some of the content might be repetitive, most thought that the significant strengths of the material included its narrative stories, worksheets, and quotations.
Description of decision aid structure and content
Comments from advisory panel members and participants who took part in the pilot test were then used to finalize the structure and content of the decision aid. Our decision aid is a full-color, spiral-bound 8 1/2 00 9 11 00 printed guide organized into two main parts, with dividers separating major sections. Figure 1 shows sample pages from the decision aid. Multicultural elements were incorporated throughout via the use of photographs of racially and ethnically diverse models of different ages. Several design elements were also used to enhance the text. For example, major points, themes, and summary statements are set apart from the main text in larger, bolded font (see Table 1 ). In addition, 20 composite quotations were included throughout the decision aid and they were selected to represent a variety of viewpoints about communication decisions, concerns, and potential outcomes. These quotations were adapted from prior research participants and those who were interviewed as part of this work. Each quotation is attributed to a speaker, identified by pseudonym, age, cancer and/or BRCA1/2 mutation status, and age(s) and gender(s) of children; see Table 2 for examples. Finally, the decision aid contains several text boxes with summary questions and tips (see Table 3 ). Part I of the guide is focused around decision making and consists of three steps, consistent with the ODSF [27] : (1) Clarifying the decision about whether or not to communicate BRCA1/2 test results with adolescent children. This content underscores the personal nature of this decision and helps mothers recognize their feelings about and responses to genetic testing. (2) Identifying decision making needs. In this section, questions are posed such as whether mothers have enough information to make the decision about communicating with their children about genetic testing; whether they understand the factors that go into making this decision and the pros and cons of various decisions; whether they want support, what type and from whom; and the role of partners or spouses in decision making. (3) Exploring needs. This section discusses communication options for different BRCA1/2 testing outcomes, including positive, negative, and uncertain test results. Information is provided to help mothers assess their children's readiness to learn about genetic testing, including key cognitive, developmental, behavioral, and emotional considerations. Points regarding specific considerations pertaining to communication with both daughters and sons are included. Importantly, a section is included here about factors related to the decision not to talk with children about genetic testing, and parental prerogatives not to do so. My husband felt helpless. He said that limiting himself to a support role felt unnatural for him.
-Robin, age 46; breast cancer survivor and mother of a daughter age 15
It's a difficult subject for me. I can't see that sharing this right now would be helpful. Maybe I'll tell her when she's older.
-Karen, age 51; ovarian cancer survivor and mother of a daughter age 13
Don't overestimate the importance of a single test result. In some cases, the genetics don't really matter.
-Rochelle, age 17; daughter of a breast cancer survivor with a BRCA1 mutation Quotations are integrated throughout the decision aid to illustrate parental views Table 3 Topics for text boxes
• Questions you might be asking yourself prior to communicating results • Questions to consider in your decision making Following Part I of the guide is a tabbed section of worksheets. The worksheets are designed to reinforce key issues discussed in the first three steps of the guide, as outlined above, and to help parents make an informed choice. As mentioned, the format was based on the ODSF [27] and some worksheet self-exercises were adapted with permission from a decision aid for high risk women considering prophylactic mastectomy [31, 32] . The worksheets are first introduced with two hypothetical vignettes, followed by completed worksheet examples for each woman depicted in the vignettes. These vignettes illustrate mothers who have tested positive for a BRCA1 or BRCA2 mutation, one of whom needs guidance about talking with her children, the other of whom is unsure about discussing her test results with her children. The worksheet exercises consist of many open-ended questions about the mothers' decision making process, as well as their information and support needs.
A critical aspect of decision making is related to exploring needs. In this step, an objective exercise was included in which mothers review a list of 18 total potential pros and cons of the decision at hand, check those that apply to them, and add others if they choose. These are organized around the needs, desires, and preferences held by mothers, their spouses/partners, and children (see Table 4 ). Second, they complete open-ended responses focused on the pros and cons of the outcomes of the decision to which they are leaning (as opposed to the reasons for their decision as described in the checklist). Mothers are then asked to rank their pros and cons in order of importance and to write down which outcomes are most likely. In the third component, mothers are asked to indicate who is involved in their decision making and who provides support and what his or her opinion is about the decision. Finally, this step concludes with an openended exercise where mothers are asked to consider some of the problems or challenges they may face in implementing the decision and possible action plans. In the final step of the worksheets, planning the next steps, mothers consider all of their previous responses. Tips are provided if they want more information, are not sure what the most important considerations are in making their decision, feel like they need more support, or are feeling pressure from others. The worksheets end with an exercise in affective forecasting-a technique to help people imagine their emotional reactions to future events [33] . A journal-style page is provided in which mothers are asked to imagine the process and outcomes of their communication decisions, regardless of whether or when they decide to discuss their genetic testing results. Though the guide can and is intended to be used in its entirety, parents may opt to complete some or all sections that are most relevant to their own decision making.
Part II of the guide incorporates the fourth major step related to the ODSF-planning next steps. In this section, geared toward mothers who are leaning toward or who have made a decision to talk with their children about their genetic testing results, specific tips are included about how to discuss genetic testing (e.g., preparing and initiating discussions, events that may prompt questions from children, anticipating responses from children, etc.), what to discuss with children (e.g., inheritance, cancer risks, management issues, genetic testing in children), and how to help children cope with this information. The last section of the guide, Part III, contains an annotated list of Internet resources and books that may be helpful to parents and children relevant to this topic. 
Discussion
The issues parents face regarding whether, when, and how to talk with their children about hereditary cancer risk is a topical one that is receiving increasing attention. The largest support group for individuals with concerns about BRCA1/2 testing, FORCE (Facing Our Risk of Cancer Empowered), recently featured this topic at a national conference in Tampa, Florida, USA which was followed by a ''How To'' article about this topic in one of their published newsletters [34] . The questions and concerns raised with BRCA1/2 testing are not unique, given that genetic testing for many other adult-onset conditions is currently available, with more tests expected in the future. In light of these considerations, it is important to formally assess the effect of educational and support materials to determine the outcomes of decision making on parent and child wellbeing and satisfaction.
In this paper we have described an empirical approach to developing a novel interventional decision aid for mothers undergoing BRCA1/2 testing. The process we employed has been used previously [35] [36] [37] [38] and has led to the development of validated and effective health education interventions and decision aids for patients [21, 39] . Our decision aid incorporates the features of an effective decision aid [23] , and preliminary data and feedback from a convenience sample of mothers suggest that it is likely to be of interest to parents and may be effective in assisting them with their decision making processes. Once data from our randomized controlled trial are obtained, we will know the extent of this effect. If deemed useful and promising, it could be modified for dissemination to a broader audience (e.g., fathers who test positive for a BRCA1/2 alteration) and adapted to parents facing a host of genetic testing circumstances. In addition, further study on developing resources for children and adolescents, both male and female, of various ages, may be important to pursue. Finally, further research into the process and outcomes of parent-child communication about hereditary cancer will shed light on longitudinal questions such as the effect on health promotion behaviors, children's interest in and utilization of genetic testing, and psychosocial adjustment. Resources such as the one we have developed and are evaluating serve an important role for patients and providers. Although the topic of communication with children may arise in the course of genetic counseling sessions, it is oftentimes not feasible to explore this issue in sufficient depth given the multitude of complex issues that may require more immediate discussion, and providers' lack of training and expertise in this sensitive area. Parents can utilize decisional resources at a time when it is convenient and helpful to them, which may not always be at the time that they are undergoing the process of genetic testing.
They may also return to the materials at a later time when subsequent conversations arise with their children. As parents navigate the process of communicating with their children, it would be desirable for them to have access to a multi-disciplinary team of health care providers, including genetic counselors, nurses, physicians, and psychologists, all of whom can be instrumental in helping families acclimate to this information and make decisions that are consistent with their values and preferences. As this standard of care may not exist in all settings and may not be possible, the use of self-directed decision support interventions appear promising in this respect.
